INTRODUCTION

This study is part of a larger research effort in which the
The characteristics of the MMN make it a singularly appropriate measure to investigate the processing of acoustic changes that characterize speech. In the current study, synthesized speech-like signals were used to elicit MMN responses from subdivisions of guinea pig auditory thalamus and the epidural surface. It is our goal to delineate central auditory pathway contributions to the generation of MMN evoked by various speech contrasts. It is also of interest to determine the relative contributions of primary and nonprimary regions of the thalamocortical pathway to the MMN. We hypothesize that MMNs to different acoustic stimulus contrasts have distinct generating systems, and that investigation of those distinctions will provide insight on the differential processing of stimulus contrasts utilized in speech perception.
A. MMN generating system
In response to tonal stimuli, human evoked potential and MEG studies point to the existence of two major sources for the MMN--the supratemporal plane and the frontal cortex (Simson et al., 1977 There is now substantial evidence that many animal species are sensitive to the small acoustic distinctions that lead to the human perception of phonemes (Kuhl, 1978 ). Kuhl's work with chinchillas demonstrated that the patterns of voice onset time (VOT) discrimination were not unique to human speech perception. This finding, along with studies that showed that humans can perceive nonspeech sounds categorically (Pisoni, 1977) , substantially changed the direction of the speech research that followed. Rather than investigating the properties of a hypothetical speech perception mechanism in the cortex, researchers began to study physiologic mechanisms that process perceptually important aspects of speech signals at various levels of the auditory path- Files from the Klatt synthesizer were transferred to a PC-based stimulus delivery system which output the signals through a 12-bit converter at a sampling rate of 10 kHz. That system controlled the time of delivery, the stimulus sequence, and stimulus intensity. It also triggered the PC-based evoked potentials averaging system at stimulus onset and indicated whether the trial contained a standard or deviant stimulus.
Stimuli were delivered monaurally through insert earphones at 75 dB SPL. A modified oddball paradigm was used in which the deviant stimulus (probability of occurrence = 10%) was presented in a series of standard stimuli (probability of occurrence=90%). For the/ga/-/da/contrast,/da/ The legitimacy of utilizing an interval of significance has been discussed by Guthrie and Buchwald (1991) . Multiple t tests can result in spurious significant values and, because adjacent points in the waveform are highly correlated, spurious significant values may occur across short intervals. Using autocorrelation techniques on P300 waveforms, Guthrie and Buchwald (1991) concluded that a significance interval of at least 12 sampling points was required to be considered a significant response. Autocorrelations of guinea pig responses from the depth and surface sites showed that over an interval of 12 points (5.8 ms), regression coefficients among points fell to well below 0.6. Within 30 points (14.5 ms), regression coefficients were below 0.2. A conservative criterion was imposed for this study: an interval of significance of at least 20 ms was required to be considered a valid mismatch response.
D. Histology
At the end of the experiment, the recording locations were marked with an electrolytic lesion (35 gA for 10 s).
Brains were cut in 17-gm coronal sections and stained with Kliiver stain which permits visualization of cell body and fiber pathways.
II. RESULTS
A. Electrode sites
Histological results indicated that electrodes were placed into MGv in six animals and in MGcm in nine animals.
Electrode sites are illustrated in the schematic drawings of Fig. 2 . The sections are arranged rostral to caudal, spanning a total distance of 2.6 mm through the nucleus.
B. Medial geniculate responses
With the goa/-/wa/contrast, significant negative deflections (from 48-to 80-ms latency) were identified in the mismatch response from MGcm (Fig. 3, left-hand side) . A longer duration (21-83 ms) and larger significant region for the mismatch negativity was apparent in the MGcm deviantalone difference wave.
In response to/ga/-/da/, no mismatch was observed in the deviant versus standard comparison (Fig. 3, right- No significant mismatch intervals were observed from MGv for the/ba/-/wa/contrast (Fig. 4, left-hand side) , nor were significant intervals present in the MGv deviant-alone difference wave. Similar to/ba/-/wa/, no mismatch response was recorded from MGv in either the mismatch or alone condition in response to the/ga/-/da/contrast (Fig. 4, righthand side) .
C. Epidural surface responses
At the epidural surface, a significant mismatch response occurred in the midline surface waveform at a latency interval of 60-200 ms for/ba/-/wa/and 30-200 ms for/ga/-/da/ (Fig. 5, top) . The comparison of the deviant and alone conditions indicated a similar mismatch response (Fig. 5, 
IV. SUMMARY AND CONCLUSIONS
(1) At the thalamic level, no mismatch response was apparent in response to the stimulus contrast /ga/-/da/, a contrast which depends on the processing of a rapidly changing spectral difference. On the other hand, thalamic mismatch responses are apparent to /ba/-/wa/ and to tones. These results are consistent with the notion that speech features are differentially processed, and that certain acoustic features require processing at the cortical level. Surface mismatch responses were equivalent for both stimulus pairs.
(2) Mismatch responses were associated only with nonprimary areas of the auditory pathway, thereby indicating a nonprimary pathway origin for the processing of acoustic stimulus change.
